Photon-stimulated desorption of Na+ and F+ occurs from a NaF (lOO) cleaved surface upon Na(ls) excitation. These measurements represent the first observation of metal cation desorption following metal cation core excitation. In agreement with the Auger decay model of desorption, both sodium and fluorine positive ion yields (versus photon energy) are similar to total electron yield in the vicinity of the Na K-edge, except for a pre-edge peak observed predominantly in Na+ desorption. Intra-atomic Auger decay of the Na(ls) core hole followed by charge transfer from adjacent halogens is shown to initiate desorption. The resulting neutral or positively charged halogens provide the driving force for desorption of sodium ions from the surface. Expressions are developed for the maximal energy available to the desorbing Na+ or F+ ions. 
TWO-WEEK LOAN COPY
This.is a Library Circulating Copy whiCh may be borrowed for two weeks. Exposure to radiation can alter the surface. X-rays produce F-centers and other defects in alkali halides. Neutral halogens desorb upon low energy e·lectron bombardment, n , 14 .enriching the metal content of the surface. At electron and· photon energies corresponding to substrate. core level~~ ·excit~d neutral metal atoms desorb with high intensites, yielding
atomic line radiation.
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6 Since our intent in this work is to develop the .Auger' decay mode·l for highly ionic systems, we defer discussion of the complex role of defects and .hydrogen in ion desorption from alkali halides.
Experimental methods are described in Section II. Results are presented and d,escribed, under four subsections -yield spectra:, the pre~edge feature, mechanisms, and energetics~ in Section III. In Section IV, the major conclusions are summarized.
. .
II. EXPERIMENTAL
The experiment was performed at beam line III-3 at the Stanford Synchrotron Radiation Laboratory (SSRL) using photons of energies between 1075 and 1155 eV. The monochromator 17 transmitted a flux of 2x10 9
photons per second with a resolution of about 0.7 eV FWHM at 1100 eV.
The sodium fluoride crystals, of optical quality, were cleaved~ situ at a pressure of 4x1o-10 torr. To minimize charging, the sides of the crystals were coated with colloidal graphite. The PSD experiments were conducted with the light in p-polarization at an incident angle of 45°, and employed a time-of-flight mass spectrometer described elsewhere 1 with a modified drift tube designed to avoid saturation of the microchannel plates. This drift tube, biased between -500 and -1500 volts to acc~lerate the ions, was equipped with two masks and electrostatic deflectors, allowing ions to pass while restricting line-of-sight between sample and microchannel plates. Total electron yield measurements used a positively biased channeltron electron multiplier. The ion-and electron-yield spectra were normalized to incident photon flux as measured by electron yield from a graphite-coated grid.
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III. RESULTS AND DISCUSSION
In this section, yiel~ ·spectra, the pre~edge structure, mechanisms, and energetics are discussed separately • spe~trum.
19
Our monochromator was calibrated by shifting the electron yield peaks and valleys to match these two absorption spectra; an error of +0.5 eV was estimated. in matching these peaks •. . ' 
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Assuming a photon flux of 2x10 9 photons per second 17 and 20%
detector efficiency, about 3x1o-8 Na+ ions desorb per photon at the In Auger-stimulated desorption, the ion yield is directly proportional to the core-hole creation rate. Electrons from direct dir~ctly, but the ion yield .is more surface-sensitive tha~ the electron yield.· Assuming thatASD is the. p.riinary desorption mechanism, the lack of s·1gnificant differences (excluding the pre-edge structure) betwe·en the PSD and electron yield indicates that the surface sites responsible for PSD are probably similar in electronic sttucture to those of the bulk. · B. The pre-edge structure in Na+ desorption
An assignment of the pre-edge structure at 1073.5+0.5 eV must
. + account for both pr.eferential.Na desorption and the position and shape of the peak. Several possibilities can be rejected:
(1) The high absolute energy ESD threshold 4 for Na+ desorption from NaCl eliminates single ionization of a halogen and other low-energy processes as channels for exclusive Na+ desorption from NaCl and, by analogy, from NaF.
•.
{2) A step or edge site (i.e. a site with a low surface Madelung potential) is expected 28 , 32 to have a greater Na+{3s-1 ) ~ Na 2 +(1s-1 3s-1 )
binding energy than a bulk site; ionization of such a surface site cannot account for a pre-edge structure.
(3) Atomic Hartree-Fock calculations with relativistic corrections were performed on Na and Na+ using the code of Froese-Fischer 33 as modified by Cowan; 34 good agreement with the experimental ls binding energy 35 and the ls ~ 3p Rydberg energy was found (i.e. +0.5 eV) for excitation from the neutral sodium ground state. The calculated Na+(ls 2 2s 2 2p 6 ) 1 s to Na+(ls 1 2s 2 2p 6 3p) 1 P energy difference is 1078.6 eV;
a core exciton transition energy may be within a few electron volts of the corresponding free ion transition energy. (1n LiF, the Li 2p exciton is 0.3 eV lower 25 than the corresponding experimental transition energy of the free ion.) Therefore, the pre-edge peak at 1073.5 eV is unlikely to be derived from a Na+ 1s ~ 3p Rydberg transition.
The dipole-forbidden transition to the Na(1s 1 2s 2 2p 6 3s) state, estimated to have a transition energy of 1072.54 eV in an unrestricted
Hartree-Fock calculation 36 of the NaF~-cluster, is a candidate assignment for the pre-edge structure. A dipole-forbidden Li ls ~ 2s exciton is observed in LiF, allowed 24 by coupling to odd-parity phonons.
+
For preferential Na desorption to result, however, the transition would have to occur exclusively on surface sodium ions; it is unknown whether this would be the case. Rydberg-like assignment to be plausable, subsequent decay of the core + hole must occur such that Na is produced in a repulsive state on the surface; it is not known whether such a repulsive state will be produced.
C. The Auger Decay Mechanism
Auger-stimulated desorption 41 , 42 accounts for anions being converted to positive ions and then desorbing, with thresholds at both anion and cation core levels. Following halogen ion photoabsorption in . .
.. . In NaF, .the Na{ls) hole produced by photoionization can.decay, with which are exotherm.ic by 14 eV and 28 ~V, respectively, as estimated using point-charge lattice corrections to free ion energies. The energy released in the charge transfer steps may result largely in fluorescence or in expulsion of electrons from the valence band. The latter process has the net result of an interatomicAuger event; its probability is determined by.the extent of polarization about the multihole sodium ion.
The experimentally observed 44 quasi-interatomic Auger decay
, where F and F' are different fluorines, is exothermic by-7 eV.
These processes, eq. (1)- (3), should proceed on a very fast time scale, leaving the sodium ion that had lost a 1s electron back in its The real issue to be resolved in discussing this mechanism is therefore not whether the N~+ ion can desorb by Na(1s) photoionization at the Na K-edge, but the subtler question of whether the electrostatic environment can remain repulsive long enough for this desorption to occur, i.e. for 1a-12 seconds or longer. Electronic polarization of the lattice will occur within abo~t 1a-15 seconds, and will partially screen the repulsive terms in the potential. The effectiveness of this screening depends on the extent of the polarization. Diffusion of the two excess positive charges (on two Fa atoms or one F+) away from one other will be much slower; in a completely ionic material it could occur only by el~ctron hopping, while faster charge transfer through bonds is feasible in a more covalent material. Thus the polarizability and ionicity can both be critical in establishing the feasibility of positive-ion desorption in ionic lattices such as alkali halides.
D. Ion Desorption Energetics .
In the limit of complete ionicitj, we can readily derive the energies available to both the metal and halogen atoms desorbing as . .
., .. 
IV. CONCLUSIONS
Auger-stimulated desorption accounts for Na+ and F+ desorption from Naf. Following photoab~orption of the Na K-shell, the sodium ion decays via. the KLL.Auger process. . 3+ . . . Relaxation of the Na spec1es tG.
the. or.-iginal charge state, Na+, occurs primarily by charge transfer · from surrpund·1ng fluori nes~ . Th·e. net resu it after abo.ut 10-12 seconds.
is that either two of the nearest-neighbor fluorine atoms will· be F 0 ;
or that one will be F+. The electrostatic environment of the F+ ion + and the neighboring Na ions can be repulsive~ leading to desorption.
The leading term:for energie~ available to the desorbihg ions are the surf.ace Madelung energy (a EM) and the-electrostatic repulsion U, respectively. In particular, desorption of the halogen is preferred energetically from majority surface sites, whil~ metal cation desorption is preferred energetically from minority sites. In order for desorption to occur, the electrostatic environment must remain repulsive for a charact~ristic time: this time will be controlled by the diffusion rate of the two holes (on two F 0 or one F+) away from each other. In fact, the effiCiency of the desorption process, about 10-4 Na + ions desorbing per surface ionization, is small • The ASD model predicts observed ESD absolute thresholds (the Cl(3s) edge at 18 eV . + for Na desorption 4 from NaCl, and the F(2s) edge at 32 eV for F+ desorption 49 from Lif), the observation of halogen and metal species desorbing as positive ions, and the general agreement of the ion desorption spectra to the total electron yield in NaF. In a future publication we shall address the limitations of this model. 
